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Lake  Arrowhead  Dam,  NJ 

National  Dam  Inspection  Act  Report 


ABSTRACT  rCaMBu*  am  roaaraa  aC*  tt  nwcaaaary  i 


r  tdontiff  by  block  ntmbor) 


This  report  cites  results  of  a  technical  investigation  as  to  the  dam's  ade¬ 
quacy.  The  inspection  and  evaluation  of  the  dAni  is  as  prescribed  by  the 
National  Dam  Inspection  Act,  Public  Law  92-367.  The  technical  investigation 
includes  visual  inspection,  review  of  available  design  and  construction  records, 
and  preliminary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  assessment  of  the  dam's  general  condition  is  included  in  the 
report,  -- 
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Inclosed  is  the  Phase  I  Inspection  Report  for  Lake  Arrowhead  Dam  in 
Morris  County,  New  Jersey  which  has  been  prepared  under  authorization 
of  the  Dam  Inspection  Act,  Public  Law  92-367.  A  brief  assessment  of 
the  dam's  condition  is  given  in  the  front  of  the  report. 

Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance.  Lake  Arrowhead  Dam,  initially  listed  as  a 
high  hazard  potential  structure,  but  reduced  to  a  significant  hazard 
potential  structure  as  a  result  of  this  inspection,  is  judged  to  be  in 
fair  overall  condition.  The  dam's  spillway  is  considered  inadequate 
since  7  percent  of  the  Spillway  Design  Flood — SDF  -  would  overtop  the 
dam.  (The  SDF,  in  this  instance,  is  one  half  of  the  Probable  Maximum 
Flood.)  The  decision  to  consider  the  spillway,  "inadequate"  instead 
of  "seriously  inadequate"  is  based  on  the  dam's  reduced  hazard 
classification  and  the  determination  that  dam  failure  resulting  from 
overtopping  would  not  signficantly  increase  tlie  hazard  to  loss  of  life 
downstream  from  the  dam  from  that  which  would  exist  just  before 
overtopping  failure.  To  insure  adequacy  of  the  structure,  the 
following  actions,  as  a  minimum,  are  recommended: 

a.  The  spillway's  adequacy  and  the  need  for  a  larger  low  level 
outlet  pipe  should  be  determined  by  a  qualified  professional 
consultant  engaged  by  the  owner  using  more  sophisticated  methods, 
procedures,  and  studies  within  six  months  from  the  date  of  approval  of 
this  report.  Any  remedial  measures  necessary  to  insure  the  adequacy 
of  the  spillway  and  to  prevent  overtopping  should  be  initiated  within 
calendar  year  1980.  In  the  interim,  a  detailed  emergency  operation 
plan  and  warning  system  should  be  promptly  developed.  Also,  during 
periods  of  unusually  heavy  precipitation,  around  the  clock 
surveillance  should  be  provided. 


NAPEN-D 

Hoaorable  Brendan  T.  Byrne 


b.  Witliin  six  months  from  tlie  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  performed  to: 

(1)  Design  and  oversee  construction  of  repairs  to  the 
deteriorated  concrete  in  the  spillway  structure  and  in  the  deck  and 
piers  near  the  right  abutment. 

(2)  Design  and  oversee  construction  of  replacement  stoplogs 
and  repair  of  stoplog  slots, 

(3)  Design  and  oversee  procedures  for  removal  of  trees  and 
brush  from  the  embankment. 

c.  Within  three  months  of  the  date  of  approval  of  this  report,  a 
program  should  be  initiated  to  check  the  condition  of  the  dam 
periodically  to  watch  for  seepage  or  any  indications  of  instability. 

d.  The  following  remedial  actions  should  be  completed  within  one 
year  from  the  date  of  approval  of  this  report: 

(1)  Engage  a  professional  engineer  to  make  a  comprehensive 
technical  inspection  of  the  dam  once  every  two  years. 

(2)  If  hydraulic  studies  indicate  that  a  larger  low  level 
outlet  is  not  required  the  existing  low  level  outlet  pipe  and  valve 
should  be  rehabilitated. 

A  copy  of  the  report  is  being  furnished  to  Mr.  Dirk  C.  Hofman,  New 
Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a  copy  will  also  be  sent  to  Congressman  James  A.  Courter  of 
the  Thirteenth  District.  Under  the  provision  of  the  Freedom  of 
Information  Act,  the  inspection  report  will  be  subject  to  release  by 
this  office,  upon  request,  five  days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS),  Springfield,  Virginia  22161  at 
a  reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 
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NA1‘KN-D 

Honorable  Brendan  T.  Byrne 


An  important  aspect  ot  the  Dam  Safety  Program  will 
implementation  of  the  recommendations  made  as  a  result 
inspection.  We  accordingly  request  that  we  be  advised  of 
actions  taken  by  the  State  to  implement  our  recommendations. 


Sincerely, 


I  Incl 
As  stated 


Copies  furnished: 

Dirk  C.  Hofman,  P.E.,  Deputy  Director 
Division  of  Water  Rest»urces 
N.J.  Dept,  of  Environmental  Protection 
P.O.  Box  CN029 
Trenton,  NJ  08625 


John  O'Dowd,  Acting  Chief 

Bureau  of  Flood  Plain  Management 

Division  of  Water  Resources 

N.J.  Dept,  of  Environmental  Protection 

P.O.  Box  CN029 

Trenton,  NJ  08625 


be  the 
of  the 
proposed 
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lAKK  AKKOWllKAO  DAM  (N. 1001  72' 


WKI’SJ'K  KNi'.INKKKS_ASSK^mm  OK  ChNKKAI.  CONDITIONS 

rhi'j  ilnra  was  i  uspi-i- 1  t-.i  .mi  If'  May  1‘17‘}  hy  An.lft  s.>n-N  i  chol  s  and  Company, 
liu-.  nn.lt‘1  i-onlr.u't  to  t  ho  ^tato  ot  Now  Jorsov.  Tho  Stato,  undor 
anroomont  with  tin-  0.'^.  Ai  my  l.iiginoor  Distiioi,  I'h  i  I  .tdo  1  phi  a ,  had  this 
inspoccion  portoimo.l  in  .loo.'r.lanoo  with  tlio  Nation.il  Dam  Inspoction 
Act,  Dnhlic  law  d2-l('^. 

l.ak.‘  Arrv'whoa.l  D.im,  initially  listed  as  a  hip.h  hazard  potential 

structure,  but  roduci'd  to  a  signiticant  hazard  p.'tontial  structure  as 
ii  r*'siilt  of  this  inspection,  is  judged  to  ho  in  fair  overall 

condition.  Tho  dam's  spillway  is  considered  inadequate  since  7 
percent  of  tho  Spillway  Design  Klood--SDF  -  would  overtop  the  dam. 

(The  SDK,  in  this  instance,  is  one  half  of  the  Probable  Maximum 

Flood.  I  The  decision  to  consider  tlio  spillway,  "inadequate"  instead 
of  "seriously  i  na.lequ.it  e"  is  based  on  the  dam's  reduced  hazard 
classification  and  the  determination  that  dam  failure  resulting  from 
overtopping  would  not  signticantly  increase  the  hazard  to  loss  of  life 
dv'wnstream  from  the  .lam  f  n'm  that  which  would  exist  just  before 

overtopping  tailure.  T.'  insure  adequacy  of  the  structure,  the 
f.illowing  actions,  as  a  minimum,  are  rec.'mmended : 

a.  The  spillway's  adequacy  and  the  nee.l  f.'r  a  larger  low  level 

outlet  pipe  stii'ul.l  he  determined  by  a  qualified  professional 

consultant  eng.iged  by  t  lie  owner  using  m.>re  sophisticated  methv'ds, 
procedures,  and  studies  within  six  months  from  the  date  of  .approval  of 
this  report.  Any  reme.fial  measures  necessary  to  insure  the  adequacy 
of  the  spillway  and  tv'  prevent  overtopping  should  be  initiated  within 
calendar  vear  IddD.  In  the  interim,  a  detailed  emergency  operation 
plan  and  warning  system  slu'uld  be  prv'mptly  developed.  Also,  during 

periods  of  unusually  heavy  precipi t at ivin,  around  the  clock 

surveillance  .'honld  hi'  provided. 

b.  Within  six  m.'nths  from  the  date  of  .ippriival  v'f  this  report, 

engineering  studies  and  analyses  should  be  performed  to: 

(1)  Design  an.l  oversee  cvinst rue  t  i on  of  repairs  to  the 
vieteriorated  concrete  in  the  spillway  structure  and  in  the  deck  and 
pieis  near  the  right  abutment. 

(2)  Design  and  oversee  construction  ot  replacement  stoplogs 

and  repair  of  stoplog  slots. 

(3)  Design  and  oversee  procedures  for  removal  of  trees  and 

brush  friMS  the  embankment. 

c.  Within  three  m.'nths  ot  the  date  v'f  approval  of  this  report,  a 
program  should  be  initiated  to  check  the  condition  of  the  Jam 
per  ivxlical  ly  to  watch  for  seepage  I'r  any  indicat  i.ins  of  instability. 


d.  The  following  remedial  actions  should  be  comp’eted  within  one 
yodt  from  the  date  of  approval  of  this  report: 

(1)  Engage  a  professional  engineer  to  make  a  comprehensive 
technical  inspection  of  the  dam  once  every  two  years. 

(2)  If  hydraulic  studies  indicate  that  a  larger  low  level 
outlet  is  not  required  the  existing  low  level  outlet  pipe  and  valve 
should  be  rehabilitated. 


APPROVED: 


/VAMES  G.  TON 

'yf  Colonel ,  Corps  of  Engineers 
t.  Di St  r  ic t  Engineer 

DATE:  ■  (7  y>  ?;y 
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Name  of  Dam; 

ID  Number: 

State  Located: 
County : 

Stream: 

River  Basin: 

Date  of  Inspection: 


Lake  Arrowhead  Dam 

Fed  ID  No.  NJ00172 

New  Jersey 

Morris 

Den  Brook 

Passaic 

May  16,  1979 


ASSESSMENT  OF  GENERAL  CONDITIONS 

Lake  Arrowhead  Dam  is  54  years  old  and  in  fair  overall 
condition.  It  is  small  in  size  and  is  classified  as  signi¬ 
ficant  hazard.  The  concrete  spillway  structure  shows  evi¬ 
dence  of  deterioration.  Severe  spalling  of  the  concrete 
is  evident  on  the  underside  of  the  spillway  deck.  Trees 
and  brush  are  growing  along  the  downstream  toe.  The  down¬ 
stream  conduit  system  which  carries  the  discharge  from 
Lake  Arrowhead's  spillway  is  inadequate  in  its  carrying 
capacity.  The  spillway  itself  can  pass  less  than  3  percent 
of  the  PMF  and  is  inadequate. 

It  is  recommended  that  the  owner  retain  the  services  of  a 
professional  engineer,  qualified  in  the  design  and  inspec¬ 
tion  of  dcuns,  to  accomplish  the  following  in  the  near  future: 
oversee  the  design  and  construction  of  repairs  to  the 
deteriorated  concrete  in  the  spillway  structure  and  in  the 
deck  and  piers  near  the  right  abutment:  replace  the  stoplogs 
and  repair  the  stoplog  slots;  investigate,  through  additional 
hydraulic  evaluation,  the  necessity  for  a  larger  low  level 
outlet  pipe  and  either  install  a  new  one  or  rehabilitate 
the  existing  low-level  outlet  pipe  and  valve;  remove  the 
trees  and  their  root  systems,  and  brush  growing  at  the 
downstreeim  toe  of  the  structure;  conduct  detailed  hydrolo¬ 
gic  and  hydraulic  analyses  of  the  watershed,  reservoir 
and  dam,  and  design  and  implement  appropriate  mitigating 
measures  to  provide  for  safe  passage  of  high  discharges. 

It  is  further  recommended:  that  starting  immediately  the 
owner  check  the  condition  of  the  dam  periodically  to  watch 
for  changes  in  seepage  or  stability;  and  that  in  the 
future,  a  professional  engineer,  qualified  in  the  design 
and  inspection  of  dams,  be  engaged  to  conduct  a  comprehensive 


technical  inspection  of  the  dam  at  least  once  every  two 
years.  Also,  in  the  near  future,  a  surveillance  program 
for  use  during  and  immediately  following  periods  of  heav^' 
rainfall,  and  a  warning  program  to  follow  in  case  of  flood- 
flow  conditions  or  imminent  dam  failure  should  be  established. 


Warren  A.  Guinan,  P.E. 

Project  Manager 

New  Jersey  No.  16848 
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PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recominended  Guidelines  for  Safety  Inspection  of  Deans,  for 
Phase  I  Investigations.  Copies  of  these  guidelines  may 
be  obtained  from  the  Office  of  Chief  of  Engineers,  VJashington, 
D.C.  20314.  The  purpose  of  a  Phase  I  Investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards 
to  human  life  or  property.  The  assessment  of  the  general 
condition  of  the  dean  is  based  upon  available  data  and  visual 
inspections.  Detailed  investigation,  and  analyses  involving 
topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope 
of  a  Phase  I  investigation;  however,  the  investigation 
is  intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations 
of  field  conditions  at  the  time  of  inspection  along  with 
data  available  to  the  inspection  team.  It  is  important  to 
note  that  the  condition  of  a  dam  depends  on  numerous  and 
constantly  changing  internal  and  external  conditions,  and 
is  evolutionary  in  nature.  It  would  be  incorrect  to  assume 
that  the  present  condition  of  the  dam  will  continue  to 
represent  the  condition  of  the  dam  at  some  point  in  the 
future.  Only  through  continued  care  and  inspection  can 
there  be  any  chance  that  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the 
established  Guidelines,  the  Spillway  Test  Flood  is  based 
on  the  estimated  "Probable  Maximum  Flood"  for  the  region 
(greatest  reasonably  possible  storm  runoff) ,  or  fractions 
thereof.  The  test  flood  provides  a  measure  of  relative 
spillway  capacity  and  serves  as  an  aid  in  determining  the 
need  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its  general  condition  and 
the  downstream  damage  potential. 


I'HAf'K  1  INSl'l'CTlON  RICJ'OKT 
NATIONAL  LAM  SAFL'i’Y  INFTLCTION  THOOKAM 
1J\KL'  ARKOIJHEAL  LAM 
L.S.  #NJ00172  NM  #2^-53 

SKCTION  1 

I’  ROJ  t'.CT  1 N  FORMAT  1  ON 


1.1  GeneiMl 

rt.  Authority.  Authority  to  perlorm  tho  Fhctse  1 
S.ttety  Inspection  ot  Lc»ke  Arrowhead  Lv-irn  was  received  1 1  cm 
the  State  of  New  Jersey,  Department  of  Fnvi  i  t'nnu'nt  a  1  Pio- 
tection,  Division  ot  Watei  Re.sources  by  lettei  dated 
4  .April  l‘)70  under  Contract  FPM  No.  39  dated  2S  June  1‘>^S. 
This  authority  was  uiven  pursuant  to  t  lie  National  Dam 
Inspection  Act,  Public  Law  92-3t>7  and  by  auit>enu>nt  betwetui 
the  State  and  the  L.S.  Army  Enuineers  District,  Phi  1 adel phi  a . 
The  inspection  discussed  herein  was  i'eiloimt*d  by  Andei  son- 
Nichols  iw  Co.,  Inc.  on  l^  May  1^79. 

b.  Purpose.  The  purpose  ot  the  Phase  1  1 nvest i pat i on 
IS  to  develop  an  assessment  ot  the  peneral  conditions  with 
respect  to  the  safety  ot  Lake  Aiiowhead  Lam  and  avh'iuten- 
ances  based  upon  available  dvita  and  visual  inspt*ction,  and, 
determine  any  need  for  emeipency  measures  and  conclude  it 
additional  studies,  i  nvest  i  pat  i  ons,  and  analyses  ait*  necessary 
and  warranted. 

1.2  P roie c t  l^^c ript it"> n 

a.  Descript  ion  ot^Dam  and  Appur  t  enanct^s  .  Lake 
Arrowhead  Dam  Is  an  S-foot  hiph,  37li-loot  loiui  earth  em¬ 
bankment  dam,  built  around  1925. 

The  downstream  face  of  the  dam  is  of  stone  masvMiiy  and  is 
vertical.  The  upstream  side  of  the  dam  is  occupieil  by  t  lu* 
Lake  Arrowhead  Clubhouse,  dock  t  aci  1  i  t  i es,  and  a  bathiiui 
beach.  The  clubhouse  occupies  the  area  of  the  northwest 
(ripht)  abutment.  A  concrete  slab  and  wooden  yvlank  dt'ck 
extends  from  behind  the  clubhouse  to  a  point  ay'V'ioximatt'ly 
one  third  ot  the  way  across  the  dam.  .Southeast  ol  the  deck 
the  beach  begins  .and  extends  to  the  southeast  .abutment  C't 
the  dam.  The  sloy'e  of  the  beach  is  about  30H:1V.  A  woodt'u 
fence  extends  from  the  clubhouse  to  the  soutlu'ast  abutim'nt 
on  the  downstream  edge  of  the  dam  crest.  Near  the  southeast 
abutment  is  a  gate  in  the  stone  masonry  wall  that  providt'S 
vehicle  access  to  the  beach  from  Mosswood  Trail.  The  spill¬ 
way  exits  the  dam  beneath  the  concrete  deck  through  the 
concrete  core  wall.  It  has  a  lower  oynniing,  2  feet  wide 
by  2.4  feet  high,  controlled  with  stoplogs.  The  upi'ei 


uncontrolled  opening  is  10  feet  wide  by  1.1  feet  high.  A 
6-inch  diameter,  cast  iron,  low  level  outlet  pipe  passes 
through  the  toe  of  the  dam  about  one  foot  to  the  right  of 
the  stoplog  section.  Mosswood  Trail,  a  paved  street,  is 
located  inmediately  below  the  dam  and  parallels  the  crest. 
Two  24-inch  concrete  pipes  are  provided  to  carry  spillway 
and  low  level  outlet  discharge  beneath  Mosswood  Trail  and 
into  the  stormwater  drainage  system  for  the  area.  The 
conduit  system  eventually  discharges  into  Den  Brook  just 
upstream  of  its  mouth  on  the  Rockaway  River.  (Essential 
features  of  the  dam  are  given  in  Figure  2).  A  sketch  of 
the  conduit  system,  based  on  field  observations,  is  given 
in  Figure  3. 


b.  Location .  The  dam  is  located  in  Morris  County, 

New  Jersey  on  Den  Brook,  a  tributary  to  the  Rockaway  River, 
approximately  one  mile  east  of  Denville.  It  is  at  north 
latitude  40°,  53.4'  and  west  longitude  74®  28.1'.  A 
location  map  is  given  in  Figure  1. 

c.  Size  Classification.  Based  on  its  storage  of 

114  acre-f eet ,  which  is  less  than  1000  acre-feet,  but  more 
than  50  acre-feet,  and  its  height  of  8  feet,  which  is  less 
than  40  feet.  Lake  Arrowhead  Dam  is  classified  as  small  in 
size,  in  accordance  with  the  criteria  given  in  the  Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams. 

d.  Hazard  Classification.  Visual  inspection  of  the 
downstream  area,  and  the  breach  analysis  contained  herein, 
shows  that  a  breach  of  Lake  Arrowhead  Dam  could  cause 
appreciable,  but  not  excessive,  damage  to  the  restaurant 
immediately  downstream  of  the  dam,  the  automobile  dealer¬ 
ship  on  U.S.  Route  46  and  additional  comn\ercial  properties 
along  U.S.  Route  46.  No  permanent  residences  are  down¬ 
stream  of  the  dam.  There  would  probably  be  no  loss  of 
life.  Thus,  Lake  Arrowhead  Dam  is  classified  as  Signifi¬ 
cant  Hazard. 

e.  Ownership.  The  dam  is  owned  by  Lake  Arrowhead  Club, 
Denville  Township,  New  Jersey.  Mr.  John  Losh,  24  Basswood 
Drive,  Denville  is  the  current  president  of  the  club. 

f.  Purpose  of  Dam.  Lake  Arrowhead  Dam  was  originally 
designed  and  is  currently  used  for  recreation. 

g.  Design  and  Construction  History.  The  dam  was 
originally  built  by  Arthur  D.  Crane  Co.  in  1925.  Little 
information  was  disclosed  regarding  thv-  design  and  construc¬ 
tion  of  the  original  dam.  The  current  club  president 
stated  that  a  small  pond  of  about  5  acres  existed  prior 

to  the  construction  of  the  dam.  The  dam  increased  the 
size  of  the  pond  to  about  19  acres  and  made  it  usable  for 
recreation . 


h.  Nornuil  ionni  .  Tht*  current  presi¬ 

dent  of  the  Lal^e  Arrowlu'rtd  cTuhTTohn  Losh,  stated  that  the 
lake  is  lowered  in  the  fall,  by  removal  of  two  of  the  flash- 
boards,  to  eliminate  ice  damacie  around  the  shore.  In  the 
spriiui,  alter  the  \'eak  runoff  has  passed,  the  flashboards 
are  teplaoed  to  raise  the  lake  vip  to  its  summei'  recreation 
levt'l.  No  formal  written  operating  procedures  were  dis¬ 
closed  . 

1.3  bertiiu*nt  Data 

a  .  P  i_a  i  nji  vj  e  h  re  a 

0.2  2  sgviare  miles 

b.  Dischaivje  at  J''an\site  (cfs) 

Maximum  known  flood  at  damsite  -  unknown 

how  level  outlet  at  pool  elevation  -  1,!'  (if 
ope rabl e ) 

r.att'd  spillway  capacity  at  pool  elevatioi^  - 

with  stoplous  in  durinu  inspection) 

-  0 

with  stoplogs  removed  -  20 

dated  spillway  capacity  at  maximum  pool  elevation 
(top  dam)  - 

witfi  stoplous  in  place  (as  dut  inu  inspection) 
-  0 

with  stoplogs  removt'd  -  27 

Unuatevi  spillway  capacity  at  maxinmm  pool  elevation 

-  it 

Total  spillway  capacity  at  maximum  pool  elevation  - 
with  stoplogs  in  place  (as  during  inspection) 
-  16 

with  ‘Stoplogs  removed  -  4  3 

c.  yMvation  (ft.  above  MSI.) 

Top  dam  -  5 1  S  . 

Recreation  pool  -  519.0 
Naxinujm  pool  (S  PMF)  -  521.0 

Spillway  crest  (uated)  -  at  time  of  insv''ection 

-  510.2 
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Upstream  invert  low  level  outlet  -  unknown 

Downstream  invert  low  level  outlet  -  514.3 

Streambed  at  centerline  of  dam  (invert  of  24" 
culverts)  -  511.7 

Maximum  tailwater  -  519.0  (from  tailwater  rating 
curve  over  Mosswood  Trail) 

d.  Reservoir  (ft.) 

Length  of  maximum  pool  -  1600 
Length  of  recreation  pool  -  1500 

e.  Storage  (acre-feet) 

Normal  pool  -  96 

Design  surcharge  (H  PMF)  -  137 
Top  of  dam  -  114 

f.  Reservoir  Surface  (acres) 

Top  dam  -  20 
Recreation  pool  -  19 

Spillway  crest  -  (with  stoplogs  in  place  as  during 
inspection)  -  19 

g .  Dam 

Type  -  earth  embankment 
Length  -  375^  feet 
Height  -  8  feet 

Top  Width  -  varies  -  10  to  50+  feet 

Side  Slopes  -  Upstream:  Varies  to  30H:1V  at  beach 

Downstream:  Vertical 

h .  Spillway 

Type  -  Combination  free  overflow  and  stoplog  gated 
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Length  of  weir  -  stoplogs  -  1.95  feet 

free  overflow  -  10  feet 


Crest  elevation  -  519.2  feet  MSL  (with  stoplogs 

in  place) 

516.9  feet  MSL  (stoplog  sill) 


Gates  -  rough  cut  2x6  inch  by  1.95  foot 
long  stoplogs 


Upstream  channel  -  Lake  Arrowhead 


Downstream  channel  -  24"  concrete  pipe  which  dis¬ 
charges  into  Den  Brook 

Regulating  Outlets 

Six-inch  diameter  cast  iron  low  level  outlet. 
Valving  mechanism  at  unknown  location  in  reservoir. 
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SECTION  2 
ENGINEERING  DATA 


2 . 1  Design 

No  plans  or  hydraulic/hydrologic  data  for  Lake  Arrowhead 
were  disclosed. 

2 . 2  Construction 

No  recorded  data  concerning  construction  of  Lake  Arrowhead 
Dam  were  disclosed.  Reference  data  on  file  with  the  New 
Jersey  Department  of  Environmental  Protection  indicates 
that  the  dam  was  built  in  1925  by  Arthur  D.  Crane  Co. , 
that  the  dam  is  488  feet  long,  that  two  8-inch  cast  iron 
outlet  pipes  were  provided  and  that  the  outlet  channel 
culvert  is  30  inches  in  diameter. 

2.3  Operation .  No  engineering  operational  data  were 
disclosed . 

2 . 4  Evaluation 

Availability .  A  search  of  the  New  Jersey  Depart¬ 
ment  of  Environmental  Protection  files,  contact  with 
community  officials  and  contact  with  the  owner  revealed  onl 
a  limited  amount  of  recorded  information.  All  disclosed 
information  was  retrieved. 

b.  .  Adequacy .  Because  of  the  limited  amount  of 
recorded  data  available  evaluation  of  this  dam  was  based 
solely  on  visual  observations. 

c.  Validity .  Parts  of  the  recorded  data  retrieved 
were  found  to  be  incorrect  based  on  visual  observations. 
Specific  discrepancies  are  discussed  in  Section  5.1  a. 


SECTION  3 
VISUAL  INSPECTION 


3 . 1  Findings 

a.  Dam.  Trees  and  brush  are  growing  at  the  downstream 
toe.  No  evidence  of  seepage  was  observed.  No  evidence 

of  bulging  or  other  signs  of  slope  instability  were  observed. 
Two  drain  pipes  which  appear  to  lie  parallel  to  the  down¬ 
stream  toe  of  the  dam  have  outlets  on  either  side  of  the 
channel  downstream  of  the  stoplog  spillway.  No  water  was 
discharging  from  the  pipes  at  the  time  of  the  inspection. 
Owner's  representatives  indicated  that  one  of  the  pipes  is 
a  drain  for  the  cellar  of  Lake  Arrowhead's  clubhouse  at 
the  right  abutment  and  that  the  other  pipe  is  a  drain  for 
house  cellars  on  the  left  abutment. 

b.  Appurtenant  Structures.  The  stoplogs  in  the  spill¬ 
way  are  weathered  and  the  metal  stoplog  slots  are  rusted. 
Surface  spalling  and  erosion  of  the  concrete  in  the  spill¬ 
way  structure  has  occurred  to  a  maximum  depth  of  2"  in 
isolated  areas.  The  location  of  the  low  level  outlet  mechanism 
is  unknown.  Minor  deterioration  and  spalling  of  the  underside 
of  the  concrete  deck  and  concrete  piers  of  the  deck  structure 
on  the  crest  of  the  dam  near  the  right  abutment  were  observed. 
Some  reinforcing  steel  was  exposed. 

c.  Reservoir  Area.  The  watershed  above  the  reservoir 
is  gently  sloping  and  partially  wooded.  No  defined  streams 
are  present.  Two  smaller  ponds  discharge  into  Lake  Arrow¬ 
head.  Many  houses  are  built  on  the  shore  of  the  reservoir. 

No  visible  evidence  of  significant  sedimentation  was  noted. 

At  the  time  of  the  inspection  no  visible  evidence  of  exten¬ 
sive  growth  of  vegetation  in  the  reservoir  was  observed. 
However,  it  should  be  noted  that  an  inspection  report  dated 
August  1959  includes  mention  of  "a  large  growth  of  vegetable 
matter,  reportedly  heavy  enough  to  walk  on." 

d.  Downstream  Channel.  The  water  that  discharges  over 
the  spillway  flows  about  15'  in  an  open  channel  and  then 
enters  two  24-inch  diameter  concrete  pipes  and  flows  under¬ 
ground  about  1220  feet  to  a  small  tributary  of  the  Rockaway 
River.  One  of  the  24-inch  lines  was  almost  completely 
blocked  with  debris  and  it  is  unclear  whether  it  can  func¬ 
tion  as  intended.  Only  one  24-inch  line  was  visible  in  a 
catch  basin  below  the  dam.  This  indicates  that  the  second, 
blocked  line  may  have  no  downstream  outlet.  The  24-inch 
line  connects  with  a  54-inch  line  at  a  location  along  the 
1220-foot  run. 
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SECTION  4 

OPERATIONAL  PROCEDURES 


4 . 1  Procedures 

No  formal  operating  procedures  were  disclosed.  Normal 
operating  procedures  are  described  in  Section  1.2  h. 

4 . 2  Maintenance  of  Dam 

No  formal  maintenance  procedures  for  the  operating  facilitie 
were  disclosed.  From  the  condition  of  the  dam  and  appur¬ 
tenant  structures  it  is  apparent  that  a  regular  maintenance 
program  has  not  been  followed. 

4 . 3  Maintenance  of  Operating  Facilities 

No  formal  maintenance  procedures  for  the  operating  facili¬ 
ties  were  disclosed. 

4 . 4  Warning  System 

No  description  of  any  warning  system  was  disclosed. 

4 • 5  Evaluation  of  Operational  Adequacy 

®®cause  of  the  lack  of  operation  and  maintenance  procedures, 
the  remedial  measures  described  in  Section  7.2  c.  should  be 
implemented  as  prescribed. 


SECTION  5 

HYDROLOGIC/HYDRAULIC 


5.1  Evaluation  of  Features 


a.  Design  Data.  Because  no  original  design  data 
were  disclosed,  an  evaluation  could  not  be  performed.  State 
of  New  Jersey  inventory  data  from  1925  indicates  two  8-inch 
cast  iron  outlet  pipes.  One  6-inch  pipe  was  found.  The 
inventory  data  also  indicates  a  30-inch  culvert  downstream 
of  the  dam.  Two  24-inch  culverts  were  found. 

b.  Experience  Data.  Data  received  through  conversa¬ 
tion  with  John  Losh,  President ,  Lake  Arrowhead  Club, 
indicated  that  in  the  25  years  he  has  lived  on  Lake  Arrow¬ 
head  he  has  never  seen  the  dam  overtopped  or  the  low  level 
outlet  operated.  During  periods  of  high  water  the  Rockaway 
River  creates  a  backwater  on  Den  Brook  forcing  water  back 
into  the  culvert  system  which  carries  Lake  Arrowhead's 
spillway  discharge.  Under  such  conditions  discharge  from 
Lake  Arrowhead  has  in  the  past  been  forced  out  of  the  culvert 
in  the  restaurant  parking  lot  just  downstream  of  the  dam. 
Experience  also  indicates  that  local  flooding  is  more  re¬ 
lated  to  drainage  problems  in  the  surrounding  area  than  to 
discharges  from  Lake  Arrowhead  Dam.  This  was  the  case  in 
January  of  1979  when  U.S.  Route  46  was  inundated  by  3 

feet  of  water  while  the  dam  discharge  was  minimal. 

c.  Visual  Observations .  No  visual  evidence  of  damage 
due  to  overtopping  was  observed.  Debris,  consisting  of 
rocks  and  silt,  partially  obstruct  one  of  the  two  24"  CP 
which  leads  from  the  spillway  toe,  under  Mosswood  Trail, 
under  U.S.  Route  46  and  into  Den  Brook.  This  may  cause 
serious  reduction  in  the  conduit  system's  capacity  during 

a  flood  occurrence.  At  the  time  of  inspection  no  water 
was  passing  over  the  spillway  crest. 

d.  Overtopping  Potential.  The  hydraulic/hydrologic 
evaluation  for  Lake  Arrowhead  Dam  is  based  on  a  spillway 
design  flood  (SDF)  equal  to  half  of  the  probable  maximum 
flood  (PMF)  in  accordance  with  the  range  of  test  floods 
given  in  the  evaluation  guidelines  for  dams  classified  as 
significant  hazard  and  small  in  size.  The  PMF  has  been 
determined  by  application  of  the  SCS  dimensionless  unit 
hydrograph  procedure  to  the  24-hour  PMP  storm  of  22.5 
inches.  Hydrologic  computations  are  given  in  Appendix  C. 

The  routed  half  PMF  peak  discharge  for  the  subject  water¬ 
shed  is  621  cfs.  The  minimum  elevation  of  the  dam  allows 
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0,7  foot  of  depth  in  the  spillway  before  overtopping  occurs, 
assuming  the  stoplogs  remain  in  place.  Under  this  head  the 
spillway  capacity  is  18  cfs  which  is  less  than  the  required 
SDF. 

Flood  routing  calculations  indicate  that  Lake  Arrowhead  Dam 
will  be  overtopped  for  more  than  7  hours  to  a  maximum  depth 
of  1.1  feet  under  half  PMF  conditions.  It  is  estimated 
that  the  dam  can  pass  less  than  3  percent  of  the  PMF 
without  overtopping.  The  spillway  is  thus  considered 
inadequate . 

Because  Lake  Arrowhead  Dam  was  classified  as  high  hazard, 
based  on  the  number  of  structures  and  the  intensity  of 
commercial  activity  downstream,  a  breach  analysis  using  the 
HEC-lDB  program  was  performed.  A  cross  section  (a  plan  of 
which  is  shown  on  Figure  3)  was  chosen  to  represent  the 
downstream  hazard  area.  The  results  of  the  bi'each  analysis, 
contained  in  Appendix  3,  indicate  that  breaching  of  the"  dam  does 
not  significantly  increase  the  hazard  downstream  over  the  non¬ 
breach  condition  at  the  chosen  cross  section. 


e.  Drawdown  Capability.  If  the  low  level  outlet 
currently  in  place  can  be  restored  to  operable  condition, 
it  is  estimated  that  the  pond  can  be  drained  in  approxi¬ 
mately  31  days,  assuming  no  significant  inflow.  This  time 
period  is  considered  inadequate  for  draining  the  reservoir 
in  an  emergency  situation. 
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SECTION  6 

STRUCTURAL  STABILITY 

6.1  Evaluation  of  Structural  Stabilitv 


a.  Visual  Observations.  The  only  visual  evidence  of 
potential  stability  problems  was  the  growth  of  trees  and 
brush  on  the  downstream  slope  and  at  the  downstream  toe  of 
the  dam.  If  the  trees  blow  over  and  their  roots  pull  out 
or  if  a  tree  dies  and  its  roots  rot,  serious  seepage 
problems  could  result.  Based  on  the  visual  inspection 
alone  it  is  not  possible  to  determine  the  character  of  the 
dam  foundation  or  the  interior  of  the  cross  section. 
Therefore,  it  is  not  possible  to  evaluate  the  factor  of 
safety  of  the  dam  against  slope  failure. 

b.  Design  and  Construction  Data.  A  reference-data 
sheet  dated  16  December  1925  indicates  that  the  dam  has  a 
concrete  core  wall  and  is  founded  on  clay,  with  footings 
that  are  9  feet  below  streambed. 

c.  Operating  Records.  An  inspection  report  dated 

22  August  1972,  indicates  that  "the  dam  has  minor  seepage. 
No  evidence  of  seepage  was  observed  during  the  present 
inspection.  An  undated  sketch  refers  to  a  "break  in  dam," 
near  the  left  abutment.  No  details  concerning  this  break 
are  contained  in  any  of  the  other  records  that  were  dis¬ 
closed. 


d.  Post-Construction  Changes.  The  undated  sketch 
referred  to  in  the  paragraph  immediately  above  mentions  that: 

(1)  the  "break  in  dam"  is  to  be  repaired  with  concrete," 

(2)  the  upstream  face  of  the  dam  is  to  be  covered  with 
"clay  over  plastic  membrane,"  (3)  a  "possible  additional 
standpipe"  spillway  is  to  be  added  in  the  future,  and 

(4)  a  "leaching  pit"  (French  drain)  was  to  be  installed 
at  the  downstream  toe  of  the  entire  length  of  the  dam.  The 
standpipe  spillway  was  apparently  not  built.  It  cannot 
be  determined  from  the  visual  evidence  alone  whether  or 
not  the  other  proposed  work  was  carried  out. 

e.  Seismic  Stability.  Lake  Arrowhead  Dam  is  located 
in  Seismic  Zone  1  and  in  accordance  with  the  Phase  I 
guidelines  does  not  warrant  seismic  analysis. 
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SECTION  7 

ASSESSMENT,  RECOMMENDATIONS/REMEDIAL  MEASURES 


7 . 1  Dam  Assessment 

a.  Condition.  Lake  Arrowhead  Dam  is  54  years  old  and 
is  in  fair  condition. 

Adequacy  of  Information.  The  information  available 
is  such  that  the  assessment  of  the  dam  must  be  based  pri¬ 
marily  on  the  results  of  the  visual  inspection. 

c.  Urgency .  The  recommendations  made  in  Section 

7.2  a.  and  the  operating  and  maintenance  procedures  in 

7.2  c.  should  be  implemented  by  the  owner  as  prescribed 
below. 

d .  .Necessity  for  Additional  Data/Eval uation .  The 
information  available  from  the  visual  inspection  is  adequate 
to  identify  the  potential  problems  that  are  listed  in 
Sections  5  and  6.  These  problems  require  the  attention  of 

a  professional  engineer  experienced  in  the  design  and 
construction  of  dams  to  design  or  specify  remedial  measures. 

If  left  unattended,  the  problems  could  lead  to  instability 
of  the  structure.  Although  unrelated  to  the  stability  of 
the  structure,  of  special  concern  is  the  location  and 
capacity  of  the  outlet  conduit  system.  A  study  should  be 
made  and  remedial  measures  implemented  to  insure  that  the 
capacity  provided  by  this  system  is  adequate  to  carry  maximum 
spillway  discharge  in  addition  to  normal  stormwater  along  the  roac 

7 . 2  Recommendations /'Remedial  Measures 

a.  Recommendations.  The  owner  should  retain  the 
services  of  a  professional  engineer,  experienced  in  the 
design  and  construction  of  dams,  to  accomplish  the  following 
in  the  future: 

(1)  Design  and  construct  repairs  to  the  deteriorated 
concrete  in  the  spillway  structure  and  in  the 
deck  and  piers  near  the  right  abutment. 

(2)  Replace  the  stoplogs  and  repair  metal  stoplog 
slots . 

(3)  Investigate,  through  additional  hydraulic 
evaluation,  the  necessity  of  a  larger  low 
level  outlet  pipe  or  rehabilitation  of  the 
existing  low  level  outlet  pipe  and  valve. 

(4)  Design  and  oversee  procedures  for  removal  of 
trees,  root  systems,  and  brush. 


(5)  Conduct  a  detailed  hydrologic  and  hydraulic 
analysis  of  the  watershed,  reservoir  and  dam, 
and  design  and  implement  appropriate  mitiga¬ 
ting  measures  to  provide  for  safe  passage  of 
high  discharges. 

b.  Alternatives .  None 

c.  Operating  and  Maintenance  Procedures.  The  owner 
should : 

(1)  Check  the  condition  of  the  dam  pea. xOdically 
to  watch  for  seepage  or  any  indications  of 
instability.  This  should  be  started  very  soon. 

(2)  Engage  a  professional  engineer  to  make  a 
comprehensive  technical  inspection  of  the  dam 
once  every  two  years.  This  should  be  started 
in  the  future. 

(3)  Establish  a  surveillance  program  for  use  during 
and  immediately  following  periods  of  heavy 
rainfall,  and  also  a  warning  program  to-  follow 
in  case  of  floodflow  conditions  or  imminent 
dam  failure.  This  should  be  done  in  the  near 
future . 
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CHECK  LIST 
ENGINEERING  DAT 
DESIQJ,  CONSTRUCTION,  0 


RAINFALL/RESERVOIR  RECORDS  None  disclosed 


SPILLWAY  PLAN  original  plans  were  disclosed 
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CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC  DATA 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS;  0.22  square  ndles,  gently  sloping  and 
ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY)  f  "**"519 » 
ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY) ;  519.9  (116  acre-feet) 

ELEVATION  MAXIMUM  DESIGN  POOL;  521  MSL _ 

ELEVATION  TOP  DAM;  519.9  msl 

CRES T ; _ free  overflow  stoplog  gated  spillway _ 


a. 

Elevation 

519.9  MSL 

b. 

Type 

stoplog  and 

concrete  weir 

c. 

Width 

10  feet 

d. 

Length 

1.5  feet 

e. 

Location  Spillover  right 

center  perpendicular  to  flow 

f. 

Number  and 

Type  of  Gates  one  gate  consisting  of  four  stoplogs 

OUTLET  WORKS ;  Emergency  draindown,  pipe  only 

a .  Type _ 


b.  Location 


c.  Entrance  Inverts 

d.  Exit  Inverts 


e.  Emergency  Draindown  Facilities  6"  C.I.  not  operated  in  25 


HYDROMETEORLOGICAL  GAGES ;  none 
a.  Type _ 


b.  Location 

c.  Records 


MAXIMUM  NON-DAMAGING  DISCHARGE;  18  cfs 
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APPENDIX  2 
PHOTOGRAPHS 


LAKE  ARROWHEAD  DAM 


VIBV  FROM  EAST  END  OF  DAM  LOOKING  EAST  ALONG  THE  SHORE 


lAKE  ARROWHEAD  DAM 


16  ^C^Y  1979 

SPILUiZAY  STRUCTURE  OF  LftKE  ARROWHEAD  DAM 


ST0PDCX3S  IN  SPILDNAY  STRUCTURE 


SPILU'SVY  STRUCTURE  SlOflNG  DR^lvTOvN  PIPE 


IVVKE  f'UW^'JUEAD  DA>'. 


16  MAY  1979 

CXTTLET  OF  LAKE  ARRO/HEAD.  VIEW  FROM  MOSSI'JCXID  TRAIL  LOOKING 
NORTH. 


LAKE  ARR05VHEAD  DAM 


2-4 


16  MAY  1979 


DCWNSTREAM  FACE  OF  DAM  VIEW  IS  LOOKING  NORTHWEST  ALONG 
NDSSVOOOD  TRAIL.  NOTE  GUARDRAIL  INDICATING  OUTLET. 


16  MAY  1979 


DOWNSTREAM  FACE  OF  DAM  VIEW  IS  FRCM  CENTER  OF  DAM  LOOKING 
TOWARD  LEFT  ABUTMENT. 


LAKE  ARKXVHEAD  [TAM 


16  MAY  1979 


VIEW  SHOWING  DOWNSTREAM  FACE  OF  DAM  AND  FESTAURAOT  DOWNSTREAM 
ON  MOSSWOOD  TRAIL.  VIEW  IS  LOOKING  NORTHWEST  TOWARD  SPILLWAY 
OUTLET. 


16  MAY  1979 


VIEIV  OF  TWO  24"  PIPES  FOR  FLC*V  UNDER  ^JOSS^AJ^OD  TRAIL  IMMEDIATELY 
DOWNSTREAM  OF  OUTLET  STRUCTURE.  NOTE  RIGHT  PIPE  BLOCKED  TOTH 
DEBRIS. 


LAKE  ARROWHEAD  DAM 
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16  I-lAY  1979 


VIEW  DOWNSTREAM  FROM  SPILLWAY  VIEW  IS  LOOKING  SOUTHWEST 


OUTLET  OF  PRINICPAL  SPILLWAY  CONDUIT 


LAKE  ARROWHEAD  DAM 
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16  MAY  1979 


HIGH  WATER  MARK  ON  FENCE  DOWNSTREAM  FROM  JANUARY  1979 
(UNRELATED  TO  DAM  DISCHARGE) . 


16  MAY  1979 

OUTLCT  CHANNEL  FROM  PRINCIPAL  SPILLWAY  CONDUIT  TO  DEN  BROOK 


LAKE  ARROWHEAD  DAM 
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APPENDIX  3 

HYDROLOGIC  COMPUTATIONS 
LAKE  ARROWHEAD  DAM 
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